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ABSTRACT

The purpose of this study was to investigate the effects of diet composition on serum leptin and lipids profiles in rats. At the
baseline, seven 4-week-old Sprague-Dawley rats, male, were sacrificed and the remaining rats were divided into five groups and each
group was fed one of the following five dietary regiments for 2 weeks and 6 weeks;the control diet AIN76(CAL, n = 21}, high-
carbohydrate{rice HCR, n = 21}, high-carbohydrate(flour)(HCF, n = 21), high-fat(com oilY HFQ, n = 21}, high-far(becf tallow)
(HFB, n = 21). Serum leptin was determined by a double antibody ELISA assay at the baseline(n = 7), 6 week(n = 35) and 10
week of age(n = 70). At 6 weeks of age, the increase in the Food Efficiency Ratio(FER) was related to adipocyte hyperplasia in rats
on HFB diets. The serum triglyceride, total cholesterol, and LDL-cholesterol increased significantly in HFB group, and decreased in
HFQ group compared to control group, The HFC group showed significant increase in serum triglyceride level compared with
control group. After 2 weeks and 6 weeks, noticeably high increases in epididymal adipose tissue fat cell mass and numbers were
observed with the HEB fed group. Serum leptin levels increased as body weight increased over the period of ime{4weeks: 1.50£0.
13ng/m! versus 10wecks: 2.08 + 0.13ng,/ml}. And this result shows that there are 193% higher in rats fed high fat-beef rallow diet
than the control diet. Serum leptin levels of the HFB group(4.01 + 0.39mg/ml) were significantly higher than that of the HFO(2.
06 £ 0.5613ng/ml), CAL(2.08 + 0.1313ng/ml), HCR(2.41 + 0.2113ng/ml) and HCF2.80 £+ 0.4713ng/ml) at p < 0.05.
The serum leptin concentration was positively correlated with the amount of epididymal fat pads(r = 0.47 p < 0.01), scrum
triglyceride(r = 049, p < 0.001}, total cholesterol(r = 0.48, p < 0.001), LDL-cholesterol(r = 0.58, p < 0.001), atherogenic
index{r = 0.67, p < 0.001), and inversely cotrelated with HDL-cholesterol(r = - 0.65, p < 0.001). In conclusion, the changes in
compositon of dictary fat and carbohydrate intake could affect changes in concentration of serum lipids and leptin, Especially, the
high-fat diet with animal fat source could increase circulating leptin level. (Korean J Nusrition 34(2) © 123131, 2001)
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APFEL AT 35%°] @ Sprague Dawley(SD)F
TR UAZ 1120128 JPAPFENEHZRE FY3H
o ARSA (AR = 22 + 200, AMSE 55 £ 5%, 124]

7t light, 12A17F dark)ollAl 15FYU3E AIN-T6 diet(Dye-
ts Inc. Bethlehem, PA. USA)Z Fo] 87 3 gA7)
T B ATl fARIES dald od hxF(CAL),
NEpEHE - WMo L (HCR), EE8E - 97HET(HCP),
DA - L (HFO), 2AE - ¢AR(HFB)YY 53
o7 ZpZb gk B Age AMSE A 2oje] dut =
A& Table 1o} Azt e, H32lele] P42 Ameri-
can Institute of Nutrition™] 2o} 242 322 8%
o} B @7l ALEE cellulose, W7, casein, WIHE, AIN-
76 vitamin mixture, AIN-76 mineral mixture, $-3|,
choline bitartrates+ Dyets Inc.(Bethlehem, PA, USA)
4 E44R= Menhaden Co.(USA)°lA DL-methion-
ine Sigma Chemical Co.(St. Louis, MO, USA)E%
E] 319tk 48552 3 rlaly BEsld AlSsige
m B3 2olE AREA AHsA Sdx, AelidFFe
WY SR, AFTL uF SHNHA ALK
672 3T Aol Buk AHFER 1447 B9 Y
Al7)3L ether® 7PEA viHAZ] ¥ BoiA 4z dgeg
HE] AT & epididymal A 2FHE A&, AY

Table 1. Composition of the experimental dietsig/kg diet)

Ingredient CAL"  HCR® HCFY HFO"  HFB®
Casein® 194 194 194 194 194
DL-methionine” 3 - 3 3 3 3
Sucrose 506 419 404 506 506
Corn Starch 150 - - - -

Rice flour - 237 - - -

Wheat flour - - 252 - -

Cellulose 50 50 50 50 50
Com oil 50 50 50 200 @ -

Beef tallow - - - - 200
Mineral mix.” 35 35 35 35 35
Vitamin mix.” 10 10 10 10 10
Choline bitartrate 2 2 2 2 2
Energy(kcal) 3850 3850 3850 4600 4600
Fat energy(%) 1.7 39.1 391

1} Modified AIN-76 diet

2) HCR(High carbohydrate rice floun: rice flour(Dyets Inc, Beth-
lehem, PA, USA): carbohydrate, 84.4%; fat,0.7%; protein; 6.4%

3) HCF(High carbohydrate wheat Floun: wheat flour(Dyets Inc., Beth-
lehem, PA, USA): carbohydrate, 79.3%: fat, 1.0%: protein; 8.7%

4} HFO(High fat corn oil): comn oil{Menhaden Co., USA} fat, 100%
HFO diet: carbohydrate, 44.0%: fat, 39.1%: protein, 16.9%

5) HFB{High fat beef tallow): beef tallow(Dyets Inc., Bethlehem,
PA, USA) fat, 100%
HFB diet: carbohydrate, 44.0%: fat, 39.1%: protein, 16.9%

6} Vitamin Free Casein: protein, 93.0%: fat, trace; carbohydrate;
trace{Dvets Inc., Bethlehem, PA, USA)

7} DL-methionine(Sigma Chemical Co., St. Louis, MO, USA}

8) AIN-76 mineral mixture(Dyets inc., Bethlehem, PA, USA)

9} AIN-76 vitamin mixture(Dyets Inc,, Bethlehem, PA, USA)
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Table 2. Mean daily food intakes, weight gain and food efficiency ratioof rats at 6 and 10 weeks of age"”

6 weeks of age(n=35)

10 weeks of age(n=70)

Z)
Group Food intake(g/day) Weight gain(g/week) FER Food intake{g/day) Weight gain{gfweek) FER
CAL 15.42 + 1.40° 44,25 + 11107 0.419 £ 0.119° 18.21 £+ 1.34% 2218 £ 6.19* 0.202 + 0.051"
HCR 1497 + 1.29° 48.04 + 9.12° 0.476 + 0067° 2255 + 1.29° 18.62 + 5.24° 0.138 + 0.038°
HCF 15.55 + 1.06* 45,78 £ 7.69° 0,455 + 0.050° 2277 £ 138° 20.26 + 4.50* 0.149 £ 0.034°
HFO 10.96 + 0.69° 44,83 + 9.87° 0.596 £ 0.147° 13.88 + 1.18° 1998 + 3.92* 0.251 + 0.058°
HFB 10.65 + 1.06° 4480 + 9.88° 0.619 £ 0.160° 14.28 + 0.88° 23595 + 4.79° 0.278 + 0.050°

1) Rats at bweeks of age: they were fed for 2 weeks of experimental diet
Rats at 10 weeks of age: they were fed for 6 weeks of experimental diet
2) CAL = modified AIN-76 control diet(ad libitum), HCR = high carbohydrate rice diet, HCF = high carbohydrate flour diet, HFO = high

fat corn oil diet, HFB = high fat beef tallow diet
3) Values are Mean £ SD

abc: Values in each column not sharing a common superscript letter are significantly different at p <{ 0.05 by Duncan's multiple range test
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Table 3. Mean calorie intake, weight gain and calorie efficiency ratio{CER) of rat at 6 and 10 weeks of age

2 6 weeks of age(n = 35)

10 weeks of age(n = 70}

Group Calorie intake(kcal/day) Weight gainig/week) CER Calorie intaketkcal/day) Weight gain(g/week) CER
CAL 59.35 + 5.39™ 4425 + 11.10° 0,109 £ 0.031" 70.12 + 5.15" 2218 + 6.19* 0.053 + 0.013"
HCR 57.62 + 4.98° 48.04 = 912 0.124 + 0.017° 86.80 + 4.98° 18.62 + 5.24° 0.036 £ 0.010°
HCF 59.88 £ 4.10° 4578 + 7.69° 0.118 + 0.013° 87.68 = 5.30° 20.26 + 4.50° 0.039 + 0.009°
HFO 4221 + 264" 4483 + 9.87° 0.155 4 0.037° 51.33 + 4.56° 19.98 + 3.92° 0.065 + 0.015*
HFB 40.99 + 4.08° 4480 + 9.88° 0.161 + 0.040° 54,93 + 3.26° 2395 + 4.79* 0.087 + 0.059°
1) Mean + 5D

2) CAL = Medified AIN-76 control diet(ad libitum), HCR = high carbohydrate rice diet, HCF = high carbohydrate flour diet, HFO = high
fat corn oil diet, HFB = high fat beef tallow diet
abc: Values in each column not sharing a common superscript letter are significnatly different(p < 0.05) by Duncan's multiple range test

Table 4. Adipose tissue weight of rats at 6 and 10 weeks of age

Adipose tissue weight(g)

Group” 6 weeks of age 10 weeks of age
(h =35 (n = 70)
CAL 0.36 + 0.10°" 1.86 = 0.43°
HCR 0.41 £ 0.08" 1.97 + 0.43~
HCF 042 + 0.11™ 2.14 + 0.53"
HFO 0.46 + 0.15" 2.45 + 0.52°
HFB 055 £ 0.14° 3.09 + 0.87°

1} Values are Mean + SD
2) CAL = Modified AIN-76 control dietiad libitum), HCR = high
carbohydrate rice diet, HCF = high carbohydrate flour diet,
HFO = high fat corn oil diet, HFB = high fat beef tallow diet
abc: Values in each column not sharing a common superscript lett-
er are significantly different at p <{ 0.05 by Duncan's multiple
range test
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Table 5. Adipose cell size, celt volume, cell weight and cell number of rats at 6 and 10 weeks of age

6 weeks of age(n = 35)

10 weeks of ageln = 70)

Group” Cell size Cell volume Cell wt. Cell number Cell size Cell volume Cell wt. Cell number
() {x 10°um’) {x10°%g) (% 10% {pm) (x 10%pm’} (x10°ug) (x10%
CAL 1027 + 298" 072 + 0.13° 066 + 0.12° 342 £ 0.63* 162.5 + 62.8° 3.14 + 1.90* 3.28 + 1.74* 4.06 & 0.49"
HCR 1095 + 42.9° 104 + 0.31° 095 + 0.28° 419 £ 1.55 152.0 £ 59.8% 293 + 160" 145 + 1.74° 494 + 1.14°
HCF 1084 + 41.8° 098 & 62.8° 0.90 + 0.21° 413 + 1.06° 1367 + 53.0° 2.0T + 0.55° 1.84 + 0.50° 441 + 075"
HFO 1045 + 37.9° 0.85 £ 0.22° 0.78 + 0.20° 2.54 + 0.58° 166.1 + 56.5* 3.29 + 0.83* 3.01 + 0.76° 3.06 + 0.48°
HFB 1126 + 483 125 + 0.56° 1.14 £ 0.51° 746 + 1.58" 163.8 + 66.6° 4.00 + 1.49° 335 + 1.36° 10.36 & 1.99°
1) Mean + SD

2) CAL = AIN-76 control diet(ad libitum), HCR = high carbohydrate rice diet, HCF = high carbohydrate flour diet, HFO = high fat corn

oil diet, HFB = high fat beef tallow diet

abc: Values in each column not sharing a common superscript letter are significantly different at p < 0.05 by Duncan's multiple range test

Table 6. Adipose cell number of rats at 6 and 10 weeks of age

6 weeks of age 10 weeks of age

7 (n = 35) n=70)
Group” Cell number Cell number st prvalue

(x10% (%10%
CAL 342 + 063" 4.06 = 0.49 572 0.0000
HCR . 419 £ 1.55 494 +1.14 281  0.0060
HCF 413 + 1.06 441 + 0.75 156  0.1200
HFO 2.54 + 0.58 3.06 + 0.48 488  0.0000
HFB 746+ 158 1036+ 199 751 0.0000

1) Mean + SD

Statistical significance of each row are compared by student t

test, and p-values are as indicated
2) CAL = Moadified AIN-76 control diet(ad libitum), HCR = high

carbohydrate rice diet, HCF = high carbohydrate flour diet,

HFO = high fat corn oil diet, HFB = high fat beef tatlow diet
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o2 WeQle wf wukiakalel A AAkl Bt 2] ubd ¥
277} 2,59 1% 2 B3 E9h LonngvistEh e
ARAZE B3 FetAplelA &2 st 2 ATelMe
epididymal AWo.2 56 B3 2 d7elA 2 4
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Table 7-1. Serum lipid profiles of rats at 4 weeks and & weeks of age

Group?
Content

Baseline(n = 7)

at dweeks CALn = 7) HCRin = 7} HCFin = 73 HFOM = 7) HFBin = 73
Triglyceride(mg/dl) 736 £ 152" 635 77" 753 £ 11.0° 683 + 246" 474 + 88 1046 + 19.6°
Total cholesterol(mg/dl) 1149 + 9.5 992 +91° 986 + 133> 967 + 142° 700 + 53 1182 + 11.8°
HDL-cholesterolimg/dl) 549 %+ 7.0¢ 479 +48° 436 + 47° 488 + 370 5339 +45 270 + 49°
[DL-cholesterofimg/dl) 45.3 + 6.9° 386 +79° 404 £ 127° 343 + 158 67 + 2.1° 703 +17.6
HOL-C/Total-C ratio 048 + 004 048 & 0.04° 045 & 0.07° 031 £ 008 077 + 0.02° 0.23 + 0.06
LDL-CHDLC ratio 083+ 0.4 0.81 £+ 0.14° 094 + 033° 071 &+ 034" 012 £ 003 274 + 0.97°
Atherogenic index” 1.11 £ 015 1.06 £ 0.16° 128 £ 039" 099 + 033° 030+ 004 353+ 1.01°

1} Values are Mean + SD

Values within the same row with different aiphabets are significantly different(p <{ 0.05) among the six groups(Baseline, CAL, HCR, HCF,

HFOQ, HFB) by Duncan's multiple range test

2) Baseline = AIN-76 diet at 4 weeks of age, CAL = Modified AIN-76 contro! diet(ad libitum), HCR = high carbohydrate rice diet, HCF =
high carbohydrate flour diet, HFCG = high fat corn oil diet, HFB = high fat beef tallow diet
3) Atherogenic index: [{Tota! cholesterol — HDL-cholesterolyHDL-cholesterol}

Table 7-2. Serum lipid profiles of rats 4 weeks and 10 weeks of age

2 e
e Bai":fjge,; 7 CAm=7  HRm=7  HCFn=7)  HFOm=7)  HFB;n=7)

Triglyceride{mg/dl} 736 £ 152" 479 + 1779 620 +£ 1777 721 4£107° 332 +79° 957 +19.1°
Total cholesterolimg/dly 114.9 + 95° 952 + 142 974 +103% 1051 + 102 646 +28 1299 x 13.7°
HDL-cholesterolimg/dl) 549 + 700 521 = 43° 497 + 51% 475 + 65 536 + 19 259 + 56
LDL-cholesterolimg/dly 453 + 69° 335 +180° 359 +129° 431 + 94 44 422 848 X 160
HDL-C/Total-C ratio 048 £ 004™ 056 011" 051+ 010 0453+ 006 0.53 + 003 0.20 + 0.05
LDL-C/HDL-C ratio 083 =+ 0.14° 066 £ 040 076 = 032 092+ 023" 0.08 + 0.04 347 £ 127
Atherogenic index” 111+ 015° 084+ 037% 102+ 038° 123+ 027° 021 £ 6.05° 425 + 1.49°

1} Values are Mean + SD

Values within the same row with different alphabets are significantly differentlp < 0.05) among the six groups(Baseline, CAL, HCR, MCF,

HFO, HFB) by Duncan's multiple range test

2) Baseline diet = AIN-76 diet, CAL = Modified AIN-76 control dietiad libitum), HCR = high carbohydrate rice diet, HCF = high car-
bohydrate flour diet, HFO = high fat corn oil diet, HFB = high fat beef tallow diet
3) Atherogenic index: |(Total cholesterel — HDL-cholesterol)/HDL-cholesterol]

3tE Fdoll WE @30 44 P2 v felHoA=
YR AE 25 AR 24 9/ 7ol drjin
ot 249 LDL-Zd2HE $57 5347 HDL-E3)
2HE T #tHTable 7-2). o|9} & Zd3E E7
AA el Ee FU& 2eds W 2o 8E F
HedE F27F YuEE =gas 293 Carroldt
Hamilton™¢] Azte} fARE kgolgitt a2y Ha™9l
dradeMe 85 SN FH2EEY 527 2
7t 2R} W) Fol|A gola] du)r}t @3 S|}
ZH2HE FEE W& 2397 e AR By 8%
o}t Ha™9] d7drMe #24 HE T8l A1838lgn
B AelME v)Z4t vinj7} 28 AMgslgen g Ha™9
ApAFeN Bl wnje] F3st A Fe] BEAA
e o dEMe & Hes Ay Besle HES
a7t odrt.

Leluete]l Ao] HE ¥ Mo sty wrEER

5E oz] dHnlge] & EFE AT QU T §
FRlo AN HoAE R2AEF0] T2 DFAARLYE S
g3 Aoz UHA ¢t ¥ B dAxdafeA WE nEkE
g Ao|7} thzLtol ¥lale B3 FAR Y S F9
A 271471 AL B 5 ik uebd g=le] nekrs)
B A3 EF900 A4 el veh s nEAdAE S
DAFY shjehs AMLE #9014 th Rousts™
Algg doR g Aol M RErEE 2o 434 ¥F
FAAY Fxob vlw Ao wha} G2 Vel A9 ul
whol| A= Frlslgont, 39 vty 9 A=
aekrEtE2e] A FAAAEEFY Wt vepyAl
)= SRR U =

4. @7 Leptin 83

22 9 ekElE Aolo) b2 FAF9 Jeptin TP
¢} ¥sh= Table 85 2th A - $-7| oA A F 2] o)



Table 8. Serum leptin levels of rats at 4weeks, 6weeks and 10weeks
of age

B ESEE 340 123131, 2001/129

Table 9. Correlation coeificient between atherogenic index, serum
leptin and lipoprotien levels includig adipose tissue weight

Age Serum leptin concentrations(ng/ml) Atherogenic index Leptin
Crousd 4 weeks of age 6 weeks of age 10 weeks of Total cholesterol 0.77* 0.48*
roup n=7 n=7 agein = 7) HDL-cholesterot -0.90 - 0.65*
Baseline 1.50 + 0.13" Triglyceride 0.67* 0.49*
CAL - 197 + 064" 208 £ 0.13% LDL-cholesterol 0.90* 0.58*
HCR - 145 £ 021 241 £ 0217 HDL/TC —0.86% 058+
HCF - 172 £ 041 2.80 + 047" LDI/HDL 0.99* 0.66*
HFO - 126 £ 0.38° 206 + 0.56™ Atherogenic Index - 067+
HFB - 343 + 0907 401 + 0.39"* Leptin 0.68* -
1) Mean + SD Adipose tissue - 0.47*

2} Baseline diet = AIN-76 diet, CAL = Modified AIN-76 control
dietiad libitum), HCR = high carbohydrate rice diet, HCF =
high carbohydrate flour diet, HFQ = high fat com oil diet, HFB
= high fat beef tallow diet

abc: Values in each column not sharing a common superscript lett-

er are significantly differentip < 0.05} by Duncan's multiple
range test

#:p < 0.05 #: p <007, == p <0001

Statistical significances in each column(rats fed experimental diet

for 2 weeks(6 weeks of age) and 6 weeks(10 weeks of age) are com-

pared with rats fed haseline diet(4 weeks of age) by student ttest

2% o F7E GE ZE v]HM F9H 0= lepting]
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